This study evaluated the performance of a new treatment method for greywater called the Drawer Compacted Sand Filter (DCSF
Introduction
The per capita availability of fresh water has declined significantly in recent years, yet 35-60% of scarce freshwater is currently being used for purposes that do not require that high water quality such as irrigation and toilet flushing (Karpiscak et al., 1990; Venot et al., orifice was 3 mm (Fig. 2c) . The media used for treatment was gravels and silica sand, arranged as following: gravels with 2.5 effective size placed in drawer one -at the top-, silica sand with 1.3 mm effective size was placed in drawers two and three, whereas silica sand with 0.7 mm effective size was used in drawers four and five. The last drawer was filled with gravels and granular activated carbon with 2.5 mm effective size arranged in two separated layers. A submersible pump was used to pump water from the collection tank. This pump was controlled by a digital timer to give eight doses per day, based on Metcalf and Eddy design parameters for the intermittent sand filter (1991) . Each unit was preceded by a 1 m3 collection tank, which also acts as sedimentation and dosing tank. The collection tank was provided with overflow pipe, which afterward, was connected to the cesspool that was being used to discharge the wastewater. Table 2 shows the design details for the DCSF installed at the nine locations, including the flow rate and organic loading rate.
Efficiency and performance of the treatment units
Efficiency of the DCSF treatment system was measured by analyzing greywater samples from two locations:
1. Collection tank: gives the quality of the untreated greywater, 2. Outlet of DCSF: gives the quality of the treated greywater.
Where 72 samples were taken from the collection tank and 58 samples from the outlet in all treatment units over the time period of 18 months. The total number of analyses for all parameters was 345 analyses (Table 3 ). The samples were analyzed for the physical, chemical and microbiological parameters according to the Standard Methods for the Examination of Water and Wastewater (APHA, 1995) . Table 3 shows the method used to analyze each parameter and the number of analyses conducted for each parameter.
DCSF users' satisfaction
In order to measure the level of satisfaction and the socio-economic impacts of using DCSF units, focus group discussion was conducted with all beneficiaries. Three focus groups were conducted at different locations i.e. Tafeilah governorate, Ma'an governorate and Amman governorate. Participants for the focus groups were invited from the households that had been provided with a DCSF. In total, 18 participants were invited and attended the focus groups. The participants were divided into three groups; two male groups and one female group. The female group was targeted separately to encourage them to speak freely and share all of their ideas and opinions. Each group had six participants aged between 32 and 58 years. Each focus group session addressed mainly four themes: reliability of the treatment unit, including operation and maintenance; social aspects; health risks and economic benefits. After the focus groups were completed, voice recording files were transcribed and compared to the written notes. All responses and comments were then classified and analyzed according to aforementioned themes.
Economic benefits
The net present value (NPV) for the cost and revenues was calculated, including the operational and maintenance cost, and for the total revenues, according to the equation of NPV showed below (Eq. (1)). The discount rate was assumed 5%, based on the latest Jordanian figure. The project span is assumed 12 years, based on the expiry time for DCSF components. The calculations were conducted by using Microsoft Excel software (2010):
where r = discount rate, t = year, n = analysis horizon (in years).
Results and discussion

Greywater characteristics
The variation of greywater quality and quantity generated from the different case studies were considerably varied as shown in Table 4 . This was expected as the greywater quality and quantity depend substantially on the source of greywater, lifestyle, level of water supply service, level of occupancy, households' daily activities, number of inhabitants and the geographical location (Eriksson et al., 2009; Jamrah et al., 2008) . In this study, Excluding kitchen water considerably reduced the organic load and total solids as was shown in dwelling numbers 5, 6 and 9, where BOD5 ranged from 80-250 mg/L and TSS values were from 30-125 mg/L. The quantity of greywater was also found to be very variable across the different households and fluctuated from less than 100 L per day up to 300 L per day (Table 4) .
Drawer compacted sand filter performance
The performance of each unit was evaluated by taking samples from the influent and effluent on a regular basis. Sampling frequency was related to the stage of operation; start- tested sand with (1.4 mm) effective size for synthetic greywater treatment and found that 62% of organic pollutants (mainly BOD5 and COD) was removed from the first day of treatment. According to the same study, the maximum BOD5 reduction (82%) was observed after 36 days of operation (Dalahmeh et al., 2012) .
The samples in start-up stage were collected weekly whereas in steady-state stage, samples were initially collected biweekly, then monthly, and afterward, bimonthly. However, the behavior of the drawer compacted sand filter in removing pollutants during startup and steady-state needs to be further studied in view of their physical characteristics (effective size and specific surface area). Table 4 shows the treatment performance of DCSF for all parameters (average ±standard deviation)
Performance of DCSF in BOD5 and COD removal
High treatment efficiency in terms of BOD5 and COD was achieved in DCSF (Table 4 ).
The efficiency of BOD5 removal ranged 78-98% and for COD 76-95%, depending on the source of greywater being treated. The behavior of filter during start-up and steady-state stages had not substantially changed which was in agreement with Dalahmeh et al. (2012) research who observed only 15-20% improvement in removal of BOD5 during the startup and steady-state stage, when using sand. Pollutants removal i.e. BOD5 and COD, reached in some batches 90%, immediately after starting up and likewise in later stages, which might be attributed to the adsorption characteristics of silica sand. A similar treatment efficiency has been reported for sand filtration, using conventional design sand filters by several researchers. Kang et al. (2007) and Assayed et al. (2010) reported that intermittent sand filters were able to remove 95% of BOD5 and 90% COD from greywater.
The ability of sand to remove pollutants was broadly discussed in USEPA manual (2002) and Rodgers et al. (2004) who attributed this ability to physical processes such as straining and sedimentation and to biological process through the formation of a bio-film layer on the upper surface of sand.
Total suspended solids TSS
The ability of sand to remove the solids is highly dependent on the sand's effective size, the hydraulic load, the organic load and the permeability of the sand layers. The TSS removal efficiency in all units fluctuated between 69-98% (Table 4) . However, in dwellings 4, the TSS removal efficiency was relatively lower (44%) which was attributed to the elevated operational hydraulic and organic load. The DCSF in dwelling number 4 was designed to receive 10-120 L/day with <30 g BOD5m2 day, but the actual hydraulic and organic loads were doubled, as the homeowners included kitchen water in the greywater stream after the treatment unit had been installed, which affected its overall performance. However, according to statistical principles, this value is considered as an outlier as it was lower than the mean by two standard deviations (Gupta and Gao, 2014). Dalahmeh et al. (2012) , where all showed that increasing the hydraulic and organic loads during operation will increase the hydraulic conductivity, thus reduce the contact time with treatment media, causing low performance in pathogens, solids and organic removal.
pH and EC
Acidic pH was observed in the raw greywater when water from kitchen sinks was included in the greywater stream (dwellings 1, 4, 7 and 8). This was in agreement with Al-Jayyousi (2003) who attributed this to food leftovers and other kitchen waste. Also, acidic pH is probably caused by anaerobic conditions of the raw greywater especially when exhibiting elevated BOD5 and COD concentration (Chen et al., 2008) . Electrical conductivity (EC) in the treated water was more than in the untreated input water, which was attributed to the presence of dust and fine particles within sand layers and the extremely limited salt adsorption capacity of sand (Dalahmeh et al., 2012) . Washing up the sand media before being placed in drawers will slightly lower the EC value at the effluent point as noticed by Al-Hamaiedeh and Bino (2010) , who used washed gravels for greywater treatment.
Escherichia coli (E.coli)
It is well-documented that greywater has a high number of E. coli, ranging from 101 to 108 cfu/100 mL (Ottosson and Stenstrom, 2003; O'Toole et al., 2012; Winward et al., 2008) .
Generally, sand filtration is deemed as an attractive option to remove bacteria from wastewater as discussed by Hagedorn et al. (1981) and Gerba (1975) who attributed this to immobilization of bacteria by straining in small sand pores and adhesion between cells and sand media. DCSF ability to remove E.coli from the nine greywater units was inconsistent and fluctuated from 1 to 7 logs (Table 4) 
Reuse of the reclaimed greywater
Greywater produced from the DCSF from all units was in compliance with Jordanian
Standards for greywater reuse JS1776:2008 (Jordan Standards and Metrology
Organization, 2008). Based on the laboratory analysis, the treated greywater was appropriate for the irrigation of olive and fruit trees, vegetables and ornamental plants.
Operation and maintenance
The first DCSF unit started working in July 2011 and others were installed and started working between the periods of January 2012 and March 2013. Several operation and maintenance issues were identified which are listed in Table 5 .
As shown in the Table 5 , sliding out the drawer, mixing up the media and then keeping the drawer off-line for 24-48 h would restore the DCSF filtering media without interpreting the operation of the whole system. These easy maintenance requirements were sufficient to control physical and biological clogging. This reduces unpleasant odors and prolongs the operation of the filter without any breaks or down time for maintenance. This maintenance procedure is very convenient comparing to the laborious proce-dure in conventional intermittent sand filter where the whole filter must be stopped and the first 5-10 cm of a 6 m2 bed must be skimmed out (Assayed et al., 2010) .
DCSF users' satisfaction
The participants' enthusiasm for the DCSF units was generally very high, with most participants openly contributing their ideas and concerns about the system. There were a variety of positive and negative responses in each of the different themes presented. Gender issue (males and females) was not seen as a significant factor in differentiating between male and female perceptions towards the DCSF. The discussion over the technical issues and maintenance requirements took a relatively significant amount of the available time.
This was quite normal as the level of users' satisfaction is closely related to their unit's performance and its reliability (Ryan et al., 2009) . It was clearly noticed from the discussion with all groups that all users were satisfied with units operation and performance as they were happy with the color and appearance of greywater being produced. When users were asked if the system met their expectations, they all agreed that the DCSF was satisfactory and met their expectations (100% satisfaction). This was in contrast to the study conducted by Domenech and Sauri (2010) who studied the level of satisfaction for using commercial greywater treatment unit in Spain and found that 60% of users dissatisfied with the greywater units' performance as a result of technical failures and bad odours.
Generally, unpleasant odors were not seen as problematic with the DCSF units as these units were generally placed on the top of roofs or in isolated corners of backyards. Therefore, they were not close to the main living or recreation areas, but in areas with excellent ventilation. However, occasional odors in some DCSF units were noticed but users would deal easily with these odors by carrying out simple and quick maintenance procedures (as shown in Table 5 ). According to the related literature, emission of unpleasant odours has been a common problem in most units tested for greywater treatment (March et al., 2004; INWRDAM, 2007; Assayed et al., 2010; Paulo et al., 2013) . Based on focus group discussion, the DCSF units would not produce unpleasant odors when the movable drawers were checked regularly to ensure that sand layers were not clogged and the holes inside were open. Unlike other treatment methods for greywater, the maintenance of DCSF was convenient and easy and did not need a lot of effort or time. Participants stated that they were able to do the required maintenance within half an hour; it was just sliding out the drawer, mixing up the treatment media and ensuring that all holes were open and then putting the drawer back in again. Mosquitoes were noticed in three of the DCSF Winward, G., Avery, L., Frazer-Williams, R., Pidou, M., Jeffrey, P., Stephenson, T., Jefferson, B., 2008. A study of the microbial quality of greywater and an evaluation of treatment technologies for reuse. Ecol. Eng. 32, [187] [188] [189] [190] [191] [192] [193] [194] [195] [196] [197] . Fig. 1 . The four areas where the 9 drawer compacted sand filters were installed. Upflow anaerobic sludge blanket (UASB) UASB was not able to achieve more than 70% of COD removal and was completely inadequate in terms of E.coli reduction.
UASB is highly dependent on ambient temperature as the anaerobic bacteria requires more than 35C_ to give satisfactory results which is not easily achievable in many locations. h. This procedure restores the filtering media without stopping the whole system Every 3-6 months, depending on organic and hydraulic load.
Odor Accumulation of organic matter on the sand surface; Clogging in sand layers.
As for Clogged Drawers. After 3-5 months of operation, depending on organic and hydraulic load.
Blockage of drainage holes in the drawers Growth of organic matter in the holes;
Physical obstruction (i.e. stones, straw, etc.)
Slide out the drawer and clear the holes using a pin or spike.
Every 3-6 months, depending on organic and hydraulic load. 
